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hydrogenating the first diene polymer which has a vinyl 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a hydrogenated diene polymer composition and a molded rubber article. More 
particularly, the present invention relates to a hydrogenated diene polymer composition which can produce a molded 
rubber article with excellent vibration proofing properties and to a molded rubber article with excellent vibration proofing 
properties. 

BACKGROUND ART 

[0002] Diene rubbers including natural rubber (NR) have sufficient mechanical characteristics and excellent fatigue 
characteristics. Therefore, the diene rubbers are abundantly used for vibration proofing and the like. In many cases, 
such a vibration proofing rubber is used under various stringent environments such as high temperature conditions. For 
example, when used as a vibration proofing rubber for engine compartments of vehicles, the rubber will be exposed to 
high temperature conditions due to a temperature rise in the engine compartments. The vibration proofing rubber used 
in a high temperature environment must have sufficient heat resistance in addition to vibration proofing properties. 
However, the diene rubbers which have been abundantly used as a vibration proofing rubber in the past are not necessarily 
sufficiently resistant to heat. It has been difficult to use a diene rubber in a high temperature environment. Therefore, 
the application and locations in which diene rubbers can be used as a vibration proofing rubber are limited. 
[0003] On the other hand, an ethylene-a-olefin copolymer rubber has excellent heat resistance and weather resistance. 
For this reason, the ethylene-a-olefin copolymer rubber is widely used in various applications such as autoparts, a wire 
covering material, an electric insulation material, rubber goods for general industry, and civil engineering and construction 
material. The ethylene-a-olefin copolymer rubber is also used as a modifier of various plastics such as polypropylene 
and polystyrene. However, the ethylene-a-olefin copolymer rubber does not necessarily have good mechanical char- 
acteristics and vibration proofing properties and is not necessarily a good material for vibration proofing rubber. 
[0004] As related prior art, a rubber composition containing a polymer made by crosslinking an ethylene-a-olefin 
copolymer rubber with afunctional group-containing (co)polymer using a metal component (for example, Patent Docu- 
ment 1), a rubber composition containing an ethylene-a-olefin copolymer rubber, a functional group-containing (co) 
polymer, and a silica-based filler (for example, Patent Document 2), and the like have been disclosed. However, molded 
rubber articles made from these rubber compositions still have to be improved as to vibration proofing properties and 
heat resistance. In addition, since these rubbercompositions do not always have good processability, furtherimprovement 
is necessary. 
[0005] 

(Patent Document 1) JP-A-2004-67831 
(Patent Document 2) JP-A-2004-83622 

DISCLOSURE OF THE INVENTION 

[0006] The present invention has been completed in view of the problems in the related art and has an object of 
providing a hydrogenated diene polymer composition which has excellent processability and can produce a molded 
rubber article having excellent vibration proofing properties and heat resistance, and providing a molded rubber article 
having excellent vibration proofing properties and heat resistance. 

[0007] The inventors of the present invention have conducted extensive studies in orderto achieve the above objects. 
As a result, the inventors have found that the above objects can be achieved by mixing a polymer obtained by hydro- 
genating a diene polymer containing a specific amount of vinyl bonds and having a weight average molecular weight 
(Mw), a molecular weight distribution (Mw/Mn), and a hydroge nation degree in specific ranges with a filler. Thus, the 
present invention has been completed. 

[0008] The inventors of the present invention have further found that the above objects can be achieved by mixing a 
polymer obtained by hydrogenating a diene polymer containing a specific amount of vinyl bonds and having a weight 
average molecular weight (Mw) and a molecular weight distribution (Mw/Mn) in specific ranges with another polymer 
with a smaller molecular weight obtained by hydrogenating a specific diene polymer. These findings have led to the 
completion of the present invention. 

[0009] That is, according to the present invention, the following hydrogenated diene polymer composition and molded 

rubber article are provided. 

[0010] 
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[1] A hydrogenated diene polymer composition comprising (A) a first hydrogenated diene polymer having a weight 
average molecular weight (Mw) of 1 00,000 to 1 ,700,000, a molecular weight distribution (Mw/Mn) of 1 .0 to 3.0, and 
a hydrogenation degree of 72 to 96%, the first hydrogenated diene polymer (A) being obtained by hydrogenating a 
first diene polymer which has a vinyl bond content of 20 to 70%, and (B) a first filler, wherein the hydrogenated diene 
polymer composition containing the first filler (B) in an amount of 5 to 1 00 parts by mass per 1 00 parts by mass of 
the first hydrogenated diene polymer (A) (hereinafter referred to from time to time as "a first hydrogenated diene 
polymer composition"). 

[0011] 

[2] The hydrogenated diene polymer composition according to [1], wherein the first diene polymer is a butadiene 
rubber, astyrene-butadiene rubber, astyrene-butadiene-isoprene random copolymer, orabutadiene-isoprene ran- 
dom copolymer. 

[0012] 

[3] The hydrogenated diene polymer composition according to [1 ] or [2], wherein the first hydrogenated diene polymer 
(A) is a modified polymer having afunctional group. 

[0013] 

[4] The hydrogenated diene polymer composition according to [3], wherein the functional group is at least one group 
selected from the group consisting of a carboxyl group, an alkoxysilyl group, an epoxy group, an amino group, a 
hydroxyl group, a sulfone group, an oxazoline group, an isocyanate group, a thiol group, and a halogen atom. 

[0014] 

[5] The hydrogenated diene polymer composition according to [3] or [4], wherein the number of the functional group 
included in one molecular chain of the first hydrogenated diene polymer (A) is 0.1 to 5.0. 

[0015] 

[6] The hydrogenated diene polymer composition according to any one of [1 ] to [5], wherein the first filler (B) is silica 
and/or carbon. 

[0016] 

[7] A hydrogenated diene polymer composition comprising (C) a second hydrogenated diene polymer having a 
weight average molecular weight (Mw) of 400,000 to 1,700,000, a molecular weight distribution (Mw/Mn) of 1.0 to 
5.0, and a hydrogenation degree of 72% or more, the second hydrogenated diene polymer (C) being obtained by 
hydrogenating a second diene polymer which has a vinyl bond content of 20 to 70%, and (D) a third hydrogenated 
diene polymer having a weight average molecular weight (Mw) of 1 00,000 to 300,000, a molecular weight distribution 
(Mw/Mn) of 1 .0 to 1 .3, and a hydrogenation degree of 72% or more, the third hydrogenated diene polymer (D) being 
obtained by hydrogenating a third diene polymer which has a vinyl bond content of 20 to 70% (hereinafter referred 
to from time to time as "a second hydrogenated diene polymer composition"). 

[0017] 

[8] The hydrogenated diene polymer composition according to [7], wherein the hydrogenated diene polymer com- 
position further comprising (E) a second filler in an amount of 5 to 1 00 parts by mass per 1 00 parts by mass of the 
total amount of the second hydrogenated diene polymer (C) and the third hydrogenated diene polymer (D). 

[0018] 

[9] The hydrogenated diene polymer composition according to [7] or [8], wherein the second diene polymer and/or 
the third diene polymer is a butadiene rubber, a styrene-butadiene rubber, a styrene-butadiene-isoprene random 
copolymer, or a butadiene-isoprene random copolymer. 
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[0019] 

[1 0] The hydrogen ate d diene polymercomposition according to any one of [7] to [9], wherein the second hydrogenated 
diene polymer (C) and/or the third hydrogenated diene polymer (D) is a modified polymer having afunctional group. 

[0020] 

[1 1] The hydrogenated diene polymer composition according to any one of [7] to [1 0], wherein the second filler (E) 
is silica and/or carbon. 

[0021] 

[1 2] A molded rubber article made of a crosslinked rubber produced by crosslinking the hydrogenated diene polymer 
composition defined in any one of [1 ] to [1 1 ]. 

[0022] The first and second hydrogenated diene polymer compositions of the present invention can produce a molded 
rubber article with excellent vibration proofing properties and heat resistance, and has excellent processability. 
[0023] The molded rubber article of the present invention has an effect of possessing excellent vibration proofing 
properties and heat resistance. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0024] The preferred embodiments for carrying out the present invention are described below. However, the present 
invention is not restricted to the following embodiments and it should be construed that there are also included, in the 
present invention, those embodiments in which appropriate changes, improvements, etc. have been made to the f ol lowing 
embodiments based on the ordinary knowledge possessed by those skilled in the art, as long as there is no deviation 
from the gist of the present invention. In the present specification, the term "hydrogenated diene polymer composition 
of the present invention (or of the embodiment)" refers to both the first hydrogenated diene polymer composition and 
the second hydrogenated diene polymercomposition. 

1 . First hydrogenated diene polymer composition 

[0025] One embodiment of the first hydrogenated diene polymer composition according to the present invention 
comprises (A) a first hydrogenated diene polymer (hereinafter referred to from time to time as "component (A)" obtained 
by hydrogenating a diene polymer which has a vinyl bond content of 20 to 70%, having a weight average molecular 
weight (Mw) of 1 00,000to 1,700,000, a molecularweight distribution (Mw/Mn) of 1 .Oto 3.0, and a degree of hydrogenation 
of 72 to 96% and (B) a first filler (hereinafter referred to from time to time as "component (B)), wherein the amount of 
the component (B) is 5 to 1 00 parts by mass per 1 00 parts by mass of the component (A). The details are described below. 

((A) Hydrogenated diene polymer) 

[0026] The component (A) contained in the first hydrogenated diene polymer composition of the present invention is 
the first hydrogenated diene polymer. The component (A) can be obtained by hydrogenating a specific diene polymer 
(first diene polymer). 

(First diene polymer) 

[0027] The first diene polymer (hereinafter referred to from time to time as "first unhydrogenated polymer) used for 
producing the component (A) is not specifically limited as to the type and structure. The polymer may be either a 
homopolymer or a copolymer. As specific examples of the first diene polymer, rubbers such as a butadiene rubber (BR), 
a styrene -butadiene rubber (SBR), a styrene-butadiene-isoprene random copolymer, and a butadiene-isoprene random 
copolymer can be given. Of these rubbers, the butadiene rubber and the butadiene-isoprene random copolymer are 
preferable. 

[0028] The vinyl bond content of the first unhydrogenated polymer is 20 to 70%, preferably 30 to 60%, and particularly 
preferably 35 to 45%. If the vinyl bond content of the diene polymer is below 20%, the heat of fusion increases and the 
properties at low temperature are unduly impaired. If exceeding 70%, the vibration proofing properties decrease. 
[0029] The degree of hydrogenation of the component (A) is preferably 72 to 96%, more preferably 74 to 95%, and 
still more preferably 80 to 93%. If the degree of hydrogenation of the component (A) is below 72%, heat aging performance 
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tends to be poor. If the degree of hydrogenation of the component (A) exceeds 96%, crosslink density is low and vibration 
proofing properties decrease. 

[0030] There are no particular limitations to the method of adding hydrogen and the reaction conditions. Usually, the 
reaction is carried out at a temperature of 20 to 150°C under hydrogen pressure of 0.1 to 10 MPa in the presence of a 

5 hydrogenation catalyst. The hydrogenation rate maybe optionally selected by changing the amount of the hydrogenation 
catalyst, the hydrogen pressure during the hydrogenated reaction, the reaction time, and the like. As the hydrogenation 
catalyst, a compound containing a lb, IVb, Vb, Vlb, VI lb, or VIII group metal may be usually used. For example, a 
compound containing Ti, V, Co, Ni, Zr, Ru, Rh, Pd, Hf, Re, or Pt may be used as the hydrogenation catalyst. As specific 
examples of such a hydrogenation catalyst, a metallocene compound containing Ti, Zr, Hf, Co, Ni, Pd, Pt, Ru, Rh, Re, 

10 or the like; a carrier-type heterogeneous catalyst prepared by causing a metal such as Pd, Ni, Pt, Rh, or Ru to be carried 
on a carrier such as carbon, silica, alumina, or diatomaceous earth; a homogeneous Ziegler-type catalyst prepared by 
combining an organic salt or an acetylacetone salt of a metal element such as Ni or Co with a reducing agent such as 
organoaluminum; an organometallic compound or complex of Ru, Rh, or the like; fullerene, carbon nanotube, and the 
like storing hydrogen; and the like can be given. 

15 [0031] Of these, the metallocene compound containing Ti, Zr, Hf, Co, or Ni is preferable since the hydrogenated 
reaction can be carried out in an inert organic solvent in a homogeneous system. The metallocene compound containing 
Ti, Zr, or Hf is more preferable. In particular, a hydrogenation catalyst obtained by reacting atitanocene compound with 
an alkyllithium is preferable due to low cost and industrial advantage. As specific examples, hydrogenation catalysts 
described in JP-A-1 -275605, JP-A-5-271326, JP-A-5-271325, JP-A-5-2221 15, J P-A- 1 1 -292924, JP-A-2000-37632, JP- 

20 A-59-1 33203, JP-A-63-5401 , JP-A-62-21 8403, JP-A-7-9001 7, JP-B-43-1 9960, or JP-B-47-40473 can be given. These 
hydrogenation catalysts can be used individually or in combination of two or more. 

[0032] The weight average molecular weight (Mw) of the component (A) is 1 00,000 to 1 ,700,000, preferably 1 50,000 
to 1 ,700,000, and more preferably 1 50,000 to 1 ,500,000. If the weight average molecular weight (Mw) is below 1 00,000, 
viscosity is too low and processability is poor. If the weight average molecular weight (Mw) exceeds 1 ,700,000, viscosity 

25 is too high and processability is poor. The term "weight average molecular weight (Mw)" refers to the polystyrene reduced 
weight average molecular weight determined by gel permeation chromatography (GPC) at 130°C. 
[0033] The molecular weight distribution (Mw/Mn) of the component (A) is 1 .0 to 3.0, preferably 1 .0 to 2.5, and more 
preferably 1 .0 to 2.0. If the Mw/Mn is more than 3.0, vibration proofing properties tend to be poor. The molecular weight 
distribution is the ratio of the weight average molecular weight (Mw) to the number average molecular weight (Mn). The 

30 term "number average molecular weight (Mn)" refers to the polystyrene reduced number average molecular weight 
determined by gel permeation chromatography (GPC) at 130°C. 

[0034] The component (A) is preferably a modified polymer having a functional group in the molecular chain. If 
converted to a modified polymer, the component (A) contained in the hydrogenated diene polymer composition of the 
present invention can mutually react with a filler and increase dispersibility of the filler in the composition, whereby it is 
35 possible to lower the static-dynamic ratio, which results in improvement of the vibration proofing poperties and other 
properties at high temperatures. 

[0035] When the component (A) is a modified polymer having a functional group introduced into the molecular chain, 
the functional group which may be introduced is preferably a carboxyl group, an alkoxysilyl group, an epoxy group, an 
amino group, a hydroxyl group, a sulfone group, an oxazoline group, an isocyanate group, a thiol group, or a halogen 

^o atom (one or more of fluorine, chlorine, bromine, and iodine). Of these, the amino group, the alkoxyl group, and the 
oxazoline group are more preferable. Either one type of the functional group ortwo or more types of the functional groups 
may be introduced into one molecular chain. The carboxyl group includes not only a general carboxyl group (-COOH), 
but also groups that generate a carboxyl group by hydrolysis. Examples of a group that generates a carboxyl group by 
hydrolysis include an ester group, an amide group, and the like, in addition to the anhydrous carboxyl group shown by 

45 the following formula (1), 
[0036] 



50 




[0037] There are no specific limitations to the method of introducing a functional group into the component (A). For 
example, (1) a method of introducing a functional group by polymerizing using a polymerization initiator having the 
functional group, (2) a method of introducing afunctional group by reacting an unsaturated monomer having afunctional 



5 
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group, and (3) a method of introducing a functional group by reacting a polymerization terminator having the functional 
group with active sites of the (co)polymer can be given. These methods may be used either individually or in combination 
of two or more. 

[0038] When the component (A) is the modified polymer having a functional group introduced into molecular chain, 
5 the number of functional groups contained in one molecular chain (hereinafter referred to from time to time as "functional 
group content (1)") is preferably 0.1 to 5.0, and more preferably 1.0 to 5.0. If below 0.1, the effect of introducing the 
functional group may not be sufficiently exhibited. 

[0039] The number of functional groups contained in one molecular chain, that is, the functional group content (1), 
which is the number of functional groups per polymer (one molecular chain) in the present specification is a value 
10 determined by titration. For example, when the functional group is an amino group, the functional group content (1) is 
a value determined by the amine titrating method described in Analy. Chem. 564 (1 952). Specifically, a polymer solution 
is prepared by dissolving a purified polymer in an organic solvent and a HCI0 4 /CH 3 COOH solution is added dropwise 
until the color of the polymer solution turns from purple to light blue using methyl violet as an indicator. The functional 
group content (1) may be calculated from the amount of the added HCI0 4 /CH 3 COOH solution. 

15 

((B) First filler) 

[0040] The component (B) contained in the first hydeogenated diene polymer composition of the present invention is 
a first filler. Strength may be improved by adding the component (B). Silica, carbon black, glass fibers, glass powders, 
20 glass beads, mica, calcium carbonate, potassium-titan ate whiskers, talc, clay, barium sulfate, glass flakes, fluororesins, 
and the like are preferable as the filler. Among these, silica, carbon black, glass fibers, mica, potassium-titan ate whiskers, 
talc, clay, barium sulfate, glass flakes, and fluororesins are preferable. Silica and carbon black are more preferable. It 
is preferable for the composition to contain silica, particularly both silica and carbon black. 

[0041] Silica is preferable from the viewpoint of the static-dynamic ratio. Carbon black is preferable from the viewpoint 
25 of strength. Any kind of silica such as wet white carbon, dry white carbon, and colloidal silica may be used. Among these, 
wet white carbon having a water-containing silicic acid as a main component is preferable. Any kind of carbon black 
such as furnace black, acetylene black, thermal black, channel black, and graphite may be used. Among these, furnace 
black is preferable. Specifically, SRF, GPF, FEF, HAF, ISAF, SAF, and MT are more preferable. 
[0042] Although there are no particular limitations, the specific surface area measured by nitrogen adsorption of carbon 
30 black by the use of the BET method in accordance with ASTM D3037-81 is preferably 5 to 200 m 2 /g, more preferably 
50 to 150 m 2 /g, and particularly preferably 80 to 130 m 2 /g, in order to sufficiently improve the tensile strength of the 
crosslinked rubber. Although there are no particular limitations, DBP adsorption of carbon black is preferably 5 to 300 
ml/100 g, more preferably 50 to 200 ml/100 g, and particularly preferably 80 to 160 ml/100 g, in order to sufficiently 
improve the strength of the crosslinked rubber. 
35 [0043] (First hydrogenated diene polymer composition) The first hydeogenated diene polymer composition of the 
present invention contains the component (B) in an amount of 5 to 1 00 parts by mass, preferably 5 to 70 parts by mass, 
and more preferably 5 to 40 parts by mass to 1 00 parts by mass of the component (A). If the amount of the component 
(B) is below 5 parts by mass for 1 00 parts by mass of the component (A), the strength is not sufficient. If the amount 
exceeds 100 parts by mass, vibration proofing performance is poor. 

40 

2. Second hydrogenated diene polymer composition 

[0044] Next, the second hydrogenated diene polymer composition of the present invention is described. One embod- 
iment of the second hydrogenated diene polymer composition according to the present invention comprises (C) a second 

45 hydrogenated diene polymer (hereinafter referred to from time to time as "component (C)") obtained by hydrogenating 
the second diene polymer which has a vinyl bond content of 20 to 70%, a weight average molecular weight (Mw) of 
400,000 to 1 ,700,000, a molecular weight distribution (Mw/Mn) of 1 .0 to 5.0, and a degree of hydrogenation of 72% or 
more and (D) a third hydrogenated diene polymer (hereinafter referred to from time to time as "component (D)") obtained 
by hydrogenating the third diene polymer which has a vinyl bond content of 20 to 70%, a weight average molecular 

50 weight (Mw) of 100,000 to 300,000, a molecular weight distribution (Mw/Mn) of 1 .0to 1 .3, and a degree of hydrogenation 
of 72% or more. Details are described below. 

((C) Second hydrogenated diene polymer) 

55 [0045] The component (C) contained in the second hydrogenated diene polymer composition of the present invention 
is the second hydrogenated diene polymer. The component (C) is obtained by hydrogenating the second diene polymer. 
The second diene polymer (hereinafter referred to from time to time as "second unhydrogenated polymer") is not spe- 
cifically limited as to the type and structure. The polymer may be either a homopolymer or a copolymer. As specific 
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examples of the second diene polymer, rubbers such as a butadiene rubber (BR), a styrene-butadiene rubber (SBR), 
a styrene-butadiene-isoprene random copolymer, and a butadiene-isoprene random copolymer can be given. Of these 
rubbers, a butadiene rubber and a butadiene-isoprene random copolymer are preferable. 

[0046] The vinyl bond content of the second diene polymer is 20 to 70%, preferably 30 to 60%, and more preferably 
5 35 to 45%. If the vinyl bond content of the second diene polymer is below 20%, the properties at a low temperature are 
unduly impaired. If exceeding 70%, on the other hand, vibration proofing properties decrease. 

[0047] The component (C) is obtained by hydrogenating the second diene polymer. The degree of hydrogenation of 
the component (C) is 72% or more, preferably 72 to 98%, more preferably 75 to 96%, and particularly preferably 80 to 
96%. If the degree of hydrogenation is below 72%, heat resistance and heat aging performance tend to decrease. 
10 [0048] The weight average molecular weight (Mw) of the component (C) is 400,000 to 1,700,000, and preferably 
400,000 to 1 ,200,000. If the weight average molecular weight (Mw) exceeds 1 ,700,000, viscosity is too low, processability 
is poor, and kneading tends to be insufficient, leading to difficulty in fully exhibiting the vibration proofing properties. If 
the weight average molecular weight (Mw) is below 400,000, it is difficult for the composition to exhibit high vibration 
proofing performance. 

15 [0049] The molecular weight distribution (Mw/Mn) of the component (C) is 1 .0 to 5.0, preferably 1 .0 to 4.0, and more 
preferably 1 .0 to 3.0. If the Mw/Mn exceeds 5.0, vibration proofing properties tend to be poor. 

((D) Third hydrogenated diene polymer) 

20 [0050] The component (D) contained in the second hydrogenated diene polymer composition of the present invention 
is the third hydrogenated diene polymer. The component (D) is obtained by hydrogenating the third diene polymer. The 
third diene polymer (hereinafter referred to from time to time as "third unhydrogenated polymer) is not specifically limited 
as to the type and structure. The polymer may be either a homopolymer or a copolymer. As specific examples of the 
third diene polymer, rubbers such as a butadiene rubber (BR), a styrene-butadiene rubber (SBR), a styrene-butadiene- 

25 isoprene random copolymer, and a butadiene-isoprene random copolymer can be given. Of these rubbers, a butadiene 
rubber and a butadiene-isoprene random copolymer are preferable. 

[0051] The vinyl bond content of the third diene polymer is 20 to 70%, preferably 30 to 60%, and more preferably 35 
to 45%. If the vinyl bond content of the third diene polymer is below 20%, the heat of fusion increases and the properties 
at low temperature are unduly impaired. If exceeding 70%, on the other hand, static-dynamic ratio is deteriorated and 
30 vibration proofing properties decrease. 

[0052] The component (D) is obtained by hydrogenating the third diene polymer. The degree of hydrogenation of the 
component (D) is 72 to 100%, preferably 72 to 96%, and more preferably 80 to 96%. If the degree of hydrogenation is 
below 72%, heat aging performance tends to decrease. 

[0053] The weight average molecular weight (Mw) of the component (D) is 1 00,000 to 300,000, and preferably 1 50,000 
35 to 250,000. The weight average molecular weight (Mw) of the component (D) is thus smaller than the weight average 
molecular weight (Mw) of the component (C). By mixing the hydrogenated diene polymer (component (C)) having a high 
molecular weight with the hydrogenated diene polymer (component (D)) having a lower molecular weight, processability 
may be improved while maintaining excellent properties such as vibration proofing properties and heat resistance. 
[0054] The molecular weight distribution (Mw/Mn) of the component (D) is 1 .0 to 3.0, preferably 1 .0 to 1 .2, and more 
preferably 1 .0 to 1.1. If the Mw/Mn exceeds 1 .3, vibration proofing properties tend to be poor. 

[0055] Methods and conditions for hydrogenating the second and third diene polymers are not specifically limited. The 
same methods and conditions for hydrogenating the first diene polymer are applied. Also, the same hydrogenation 
catalyst used for hydrogenating the first diene polymer may be used. 

[0056] The component (C) and/or the component (D) are preferably a modified polymer having a functional group in 
45 the molecular chain. If the component (C) and/or the component (D) are converted into a modified polymer, especially 
when mixed with the later-described filler such as silica to obtain a polymer composition, the component (C) and/or the 
component (D) can react with the filler and increase dispersibility ofthe filler in the composition, leading to an improvement 
of vibration proofing performance. 

[0057] When the component (C) and/orthe component (D) are modified polymers having a functional group introduced 
50 into the molecular chain terminal, the functional group which may be introduced is preferably a carboxyl group, an 
alkoxysilyl group, an epoxy group, an amino group, a hydroxyl group, a sulfone group, an oxazoline group, an isocyanate 
group, a thiol group, and a halogen atom (one or more of fluorine, chlorine, bromine, and iodine). Of these, an amino 
group, an alkoxyl group, and an oxazoline group are more preferable. Either one type of functional group or two or more 
types of functional groups may be introduced into one molecular chain. A carboxyl group includes not only a general 
55 carboxyl group (-COOH), but also groups that generate a carboxyl group by hydrolysis. Examples of a group that 
generates a carboxyl group by hydrolysis include an ester group, an amide group, and the like, in addition to the anhydrous 
carboxyl group shown by the above formula (1). 

[0058] There are no specific limitations to the method for introducing a functional group into the component (C) and 
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the component (D). The same method for introducing a functional group into the component (A) can be used. 
[0059] When the component (C) and/orthe component (D) are modified polymers having a functional group introduced 
into the molecular chain terminal, the number of the introduced functional group (hereinafter referred to from time to 
time as "functional group content (2)") is preferably 1 xlO -3 to 1 mmol/g, and more preferably 2xl0 -3 to 0.5 mmol/g, 

5 and particularly preferably 5x 1 0 -3 to 0.2 mmol/g. If below 1 X 1 0 -3 mmol/g, the effect of introducing the functional group 
may not be sufficiently exhibited. If exceeding 1 mmol/g, the balance between the static-dynamic ratio and the process- 
ability tends to be impaired. In the present specification, the term "functional group content (2)" refers to the amount of 
the functional group (mmol) in the total amount (g) of the component (C) and the component (D). 
[0060] In addition, when the introduced functional group is an amino group, the term "amine concentration" refers to 

10 the value determined by the amine titrating method described in Analy. Chem. 564 (1 952). Specifically, a polymersolution 
is prepared by dissolving a purified polymer in an organic solvent and a HCI0 4 /CH 3 COOH solution is added dropwise 
until the color of the polymersolution turns from purple to light blue using methyl violet as an indicator. The functional 
group content (amine concentration) may be calculated from the amount of the HCI0 4 /CH 3 COOH solution added drop- 
wise. 

15 

((C)/(D) ratio) 

[0061] The mass ratio of the content of the component (C) to the content of the component (D) ((C)/(D)) is preferably 
1 0/90 to 99/1 , more preferably 60/40 to 99/1 , and particularly preferably 60/40 to 90/1 0. If the (C)/(D) ratio is below 1 0/90, 
20 vibration proofing properties tend to be poor. If the (C)/(D) ratio exceeds 99/1 , processability tends to be poor. 

((E) Second filler) 

[0062] It is preferable that the second hydrogenated diene polymer composition of the present invention further com- 

25 prise (E) a second filler (hereinafter referred from time to time as "component (E)"). Strength may be improved by adding 
the component (E). The size of the component (E) is not particularly limited and may be variously changed as required. 
[0063] The amount of the component (E) is preferably 5 to 1 00 parts by mass, more preferably 5 to 60 parts by mass, 
and particularly preferably 5 to 40 parts by mass for 100 parts by mass of the total amount of the component (C) and 
the component (D). By adding the component (E) to the amount within the above range, the static-dynamic ratio is further 

30 decreased and the vibration proofing properties are improved further. Silica, carbon black, glass fibers, glass powders, 
glass beads, mica, calcium carbonate, potassium-titanate whiskers, talc, clay, barium sulfate, glass flakes, fluororesins, 
and the like are preferable as the filler. Among these, silica, carbon black, glass fibers, mica, potassium-titanate whiskers, 
talc, clay, barium sulfate, glass flakes, and fluororesins are preferable. Silica and carbon black are more preferable. It 
is preferable for the composition to contain silica, particularly both silica and carbon black. 

35 [0064] Silica is preferable from the view point of the static-dynamic ratio. Carbon black is preferable from the view 
point of the strength of the rubber composition and the crosslinked rubber. Although there are various types of silica 
such as wet white carbon, dry white carbon, and colloidal silica, any silica may be used. Among these, wet white carbon 
having a water-containing silicic acid as a main component is preferable. Any kind of carbon black such as furnace black, 
acetylene black, thermal black, channel black and graphite may be used. Among these, furnace black is preferable. 

40 Specifically, SRF, GPF, FEF, HAF, ISAF, SAF, and MT are more preferable. 

[0065] Although there are no particular limitations, the specific surface area measured by nitrogen adsorption of carbon 
black by the use of the BET method in accordance with ASTM D3037-81 is preferably 5 to 200 m 2 /g, more preferably 
50 to 150 m 2 /g, and particularly preferably 80 to 130 m 2 /g, in order to sufficiently improve the tensile strength and the 
like of the crosslinked rubber. Although there are no particular limitations, DBP adsorption of carbon black is preferably 

45 5 to 300 ml/1 00 g, more preferably 50 to 200 ml/1 00 g, and particularly preferably 80 to 1 60 ml/1 00 g, in order to sufficiently 
improve the strength of the crosslinked rubber. 

(Other components) 

so [0066] The hydrogenated diene polymer composition of the present invention may comprise rubber components other 
than the component (A), the component (C), and the component (D), to an extent not inhibiting the objects of the present 
invention. As examples of the rubber components, styrene-butadiene rubber, butadiene rubber, isoprene rubber, natural 
rubber, EPDM, NBR, MR and the like can be given. However, if natural rubber is contained in a large amount, heat 
resistance of the hydrogenated diene polymer composition may decrease. Therefore, when natural rubber is used, it is 

55 preferable to add 15 parts by mass or less for 100 parts by mass of the component (A) in order to produce the first 
hydrogenated diene polymer composition, and 1 5 parts by mass or less for 1 00 parts by mass of the rubber components 
(total amount of the component (C) and the component (D)) in order to produce the second hydrogenated diene polymer 
composition. 



8 



EP 1 980 589 A1 



[0067] The hydrogenated diene polymer composition of the present invention may comprise amine compounds, to 
an extent not inhibiting the objects of the present invention. The amine compounds improve wettability and dispersibility 
of the component (B) and the component (E), thereby improving durability and vibration proofing performance of the 
hydrogenated diene polymer composition. The amine compounds may be used individually or in combination of two or 
5 more. 

[0068] There are no particular limitations to the chemical structure of the amine compounds insofar as the amine 
compounds have an amino group. Primary amines, secondary amines, or tertiary amines may be used. There are no 
particular limitations to the number of the amino groups. Monoamines, diamines, triamines, tetraamines, and polyamines 
may be used. Furthermore, there are no particular limitations to the number of carbon atoms in the amine compound. 

10 The number of the carbon atoms is usually 1 to 20, preferably 1 to 15, more preferably 3 to 15, and still more preferably 
3 to 10. The amine compound may be alkanol amine or the like which contains functional groups other than the amino 
group. Specific examples of the amine compound are 2-ethylhexyl amine, triethanol amine, and the like. 
[0069] The amount of the amine compound is not particularly limited and may be variously changed as required. The 
amount of the amine compound in the first hydrogenated diene polymer composition is usually 20 parts by mass or less, 

15 preferably exceeding 0 but 15 parts by mass or less, more preferably exceeding 0 but 10 parts by mass or less, still 
more preferably 0.01 to 1 0 parts by mass, particularly preferably 0.01 to 8 parts by mass, and most preferably 0.01 to 
5 parts by mass for 100 parts by mass of the component (A). The amount of the amine compound in the second 
hydrogenated diene polymer composition is usually 20 parts by mass or less, preferably exceeding 0 but 15 parts by 
mass or less, more preferably exceeding 0 but 1 0 parts by mass or less, still more preferably 0.01 to 1 0 parts by mass, 

20 particularly preferably 0.01 to 8 parts by mass, and most preferably 0.01 to 5 parts by mass for 100 parts by mass of 
the total amount of the component (C) and the component (D). 

[0070] The hydrogenated diene polymer composition of the present invention may further comprise various additives 
as required to an extent not inhibiting the objects of the present invention. As examples of the additives, rubber extender 
oil, a filler, a crosslinking agent, a crosslinking promoter, a crosslinking activating agent, and the like can be given. 

25 [0071] As the rubber extender oil, petroleum blending stocks such as paraffinic process oil, aromatic process oil, 
naphthenic process oil and the like can be used. Of these, paraffinic process oil is preferable. The amount of the rubber 
extender oil in the first hydrogenated diene polymer composition is preferably 150 parts by mass or less, and more 
preferably 1 00 parts by mass or less for 1 00 parts by mass of the component (A) (or the total amount of the component 
(A) and the other rubber components). The amount of the rubber extender oil in the second hydrogenated diene polymer 

30 composition is preferably 150 parts by mass or less, and more preferably 100 parts by mass or less for 100 parts by 
mass of the total amount of the component (C) and the component (D) (or the total amount of the component (C), the 
component (D), and the other rubber components). The rubber extender oil may be previously added to the rubber 
components. 

[0072] As specific examples of the crosslinking agent, an organoperoxide such as dicumyl peroxide and di-t-butyl 
35 peroxide; sulfur such as powder sulfur, precipitated sulfur, colloidal sulfur, insoluble sulfur, and highly dispersibile sulfur; 
a halogenated sulfur compound such as sulfur monochloride and sulfur dichloride; aquinone dioxime such as p-quinone 
dioxime and p,p'-dibenzoyl quinine dioxime; an organo-polyamine compound such as triethylene tetramine, hexameth- 
ylene diamine carbamate, and 4,4'-methylenebis-o-chloroaniline; an alkyl phenol resin having a methylol group; and the 
like can be given. These crosslinking agents may be used individually or in combination of two or more. Two or more 
^o types of the crosslinki ng agents may be used in combination. The amount of the crosslinking agent in the first hydrogenated 
diene polymer composition is preferably 0.1 to 20 parts by mass, and more preferably 0.5 to 10 parts by mass for 100 
parts by mass of the component (A) (or the total amount of the component (A) and the other rubber components). The 
amount of the crosslinking agent in the second hydrogenated diene polymer composition is preferably 0.1 to 20 parts 
by mass, and more preferably 0.5 to 1 0 parts by mass for 1 00 parts by mass of the total amount of the component (C) 
45 and the component (D) (or the total amount of the component (C), the component (D), and the other rubber components). 
Tensile strength of the crosslinked rubber is sufficiently improved by adding the crosslinking agent in an amount within 
the above range. 

[0073] Various types of the crosslinking promoter listed in (a) to (g) may be used. 
[0074] 

50 

(a) Sulfenamide crosslinking promoters such as N-cyclohexyl-2-benzothiazole sulfeneamide, N-t-butyl-2-benzothi- 
azole sulfeneamide, N-oxyethylene-2-benzothiazole sulfeneamide, N-oxyethylene-2-benzothiazole sulfeneamide, 
N,N'-diisopropyl-2-benzothiazole sulfeneamide, and the like 

55 [0075] 

(b) Guanidine crosslinking promoters such as diphenyl guanidine, diorthotolyl guanidine, orthotolyl biguanidine, and 
the like 
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[0076] 

(c) Thiourea crosslinking promoters such asthiocarboanilido, diorthotolyl thiourea, ethylene thiourea, diethylthiourea, 
trimethyl thiourea, and the like 

5 

[0077] 

(d) Thiazol crosslinking promoters such as 2-mercaptobenzothiazol, dibenzothiazil disulfide, zinc 2-mercaptoben- 
zothiazol, sodium 2-mercaptobenzothiazol, cyclohexylamine 2-mercaptobenzothiazol, 2-(2,4-dinitrophenylthio)ben- 

fo zothiazol, and the like 

[0078] 

(e) Thiuram crosslinking promoters such as tetramethyl thiuram monosulfide, tetramethyl thiuram disulfide, tetraethyl 
15 thiuram disulfide, tetrabutyl thiuram disulfide, dipentamethylene thiuram tetrasulfide, and the like 

[0079] 

(f) Dithiocarbamic acid crosslinking promoters such as sodium dimethyldithiocarbamate, sodium diethyldithiocar- 
bamate, sodium di-n-butyldithiocarbamate, lead dimethyldithiocarbamate, zinc dimethyldithiocarbamate, zinc di- 
ethyldithiocarbamate, zinc di-n-butyldithiocarbamate, zinc pentamethylenedithiocarbamate, zinc ethylphenyldithio- 
carbamate, tellurium diethyldithiocarbamate, selenium dimethyldithiocarbamate, selenium diethyldithiocarbamate, 
copper dimethyldithiocarbamate, iron dimethyldithiocarbamate, diethylamine diethyldithiocarbamate, piperidine 
pentamethylenedithiocarbamate, pipecolin methylpentamethylenedithiocarbamate, and the like 

[0080] 

(g) Xanthic acid crosslinking promoters such as sodium isopropylxanthogenate, zinc isopropylxanthogenate, zinc 
butylxanthogenate, and the like 

[0081] The same types of the above-mentioned crosslinking promoters may be used individually or in combination of 
two or more, or two or more different types of the crosslinking promoters may be used in combination. The amount of 
the crosslinking promoters in the first hydrogenated diene polymer composition is preferably 20 parts by mass or less, 
and more preferably 1 0 parts by mass or less for 1 00 parts by mass of the component (A) (or the total amount of the 
component (A) and the other rubber components). The amount of the crosslinking promoters in the second hydrogenated 
diene polymer composition is preferably 20 parts by mass or less, and more preferably 1 0 parts by mass or less for 1 00 
parts by mass of the total amount of the component (C) and the component (D) (or the total amount of the component 
(C), the component (D) and the other rubber components). It is possible to use an organoperoxide as the crosslinking 
agent, and add a small amount of sulfur to the organoperoxide (preferably 1 to 5 parts by mass, and more preferably 2 
to 4 parts by mass for 1 00 parts by mass of the organoperoxide) as a crosslinking assistant 

[0082] As the crosslinking activator, a higher fatty acid such as stearic acid and zinc oxide may be used. Zinc oxide 
preferably has a high surface activity and a diameter of 5 iulid or less. Examples of the zinc oxide include active zinc 
oxide having a diameter of 0.05 to 0.2 p,m, zinc oxide having a diameter of 0.3 to 1 n,m, or the like. Also, an amine 
dispersant, a zinc oxide of which the surface is treated with lubricant, or the like can be used. The same types of these 
crosslinking activators may be used individually or in combination of two or more, or two or more different types of the 
crosslinking activators may be used in combination. The amount of the crosslinking activator may be appropriately 
selected according to the types and the like. 

[0083] When the organoperoxide crosslinking agent is used, sulfur, quinondioxime such as p-quinondioxime, poly- 
ethylene glycol dimethacrylate, diallyl phthalate, triallyl cyanulate, divinylbenzene, and the like may be used as a cross- 
kinking assistant. The amount of the crosslinking assistant in the first hydrogenated diene polymer composition is pref- 
erably 0.1 to 20 parts by mass, and more preferably 0.1 to 10 parts by mass for 1 00 parts by mass of the component 
(A) (or the total amount of the component (A) and the other rubber components). 

(Method for producing first hydrogenated diene polymer composition) 

55 

[0084] The first hydeogenated diene polymer composition of the present invention may be produced by mixing the 
component (A) and the component (B). Mixing in a solution or in a slurry, mixing using a kneader while heating, and the 
like are preferable as a method of mixing. As a kneader, a banbury mixer, a mixing roll, and the like can be given. The 
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mixing conditions are not particularly limited and may be variously changed as required. The heating temperature is 
preferably 100 to 220°C, and more preferably 120 to 200°C. When mixing, the other components may be added as 
required. 

5 (Method for producing second hydrogenated diene polymer composition) 

[0085] The second hydeogenated diene polymer composition of the present invention may be produced by mixing 
the component (C) and the component (D), and, as required, the component (E). When the component (E) is used and 
at least one of the component (C) and the component (D) is a modified polymer, it is preferable to mix the modified 

10 polymer and the component (E) with heating. The mixing with heat generates interaction between the functional group 
of the modified polymer and the component (E), leading to an improvement of the dispersibility of the component (E) in 
the second hydrogenated diene polymer composition. The conditions of mixing the modified polymer and the component 
(E) with heat are not particularly limited and may be variously changed as required. The heating temperature is preferably 
1 50 to 220°C, and more preferably 1 50 to 200°C. The mixing time is preferably 1 0 minutes or less, and more preferably 

15 1 to 5 minutes. Heating at the temperature within the above range for the time within the above range causes the 
interaction to favorably proceed between the functional group of the modified polymer and the component (E) and 
decreases the static-dynamic ratio, as well as improving the properties at a high temperature, especially elongation and 
elongation fatigue properties at a high temperature. As the mixing method, a method of using a banbury mixer, a mixing 
roll, or the like can be given. The other components may be added and mixed, as required, at this stage. 

20 

3. Molded rubber article 

[0086] Next, one embodiment of the molded rubber article of the present invention is described. The molded rubber 
article of the embodiment is made of a crosslinked rubber produced by crosslinking the above-described hydrogenated 
25 diene polymer composition. Therefore, the molded rubber article of the embodiment is excellent in vibration proofing 
properties and heat resistance. 

[0087] To produce the molded rubber article using the hydrogenated diene polymer composition of one embodiment 
of the present invention, a compounded rubber composition is obtained first by adding the crosslinking agent (e.g. 
peroxides) and the crosslinking assistant (e.g. sulfur), as required, to the hydrogenated diene polymer composition. The 
30 produced compounded rubber composition is molded while crosslinking the component (A) (or the component (C) and 
the component (D)) contained in the hydrogenated diene polymer composition to produce the molded rubber article of 
the present invention. 

[0088] The molded rubber article of the present invention is suitable as a vibration proofing rubber; a hose or a hose 
cover such as a diaphragm, a roll, a radiator hose, an air hose, and the like; a sealer such as a packing, a gasket, a 
35 weather strip, an o-ring, an oil seal, and the like; a belt, a lining, a dust boot, and the like. As it has been discussed, the 
hydrogenated diene polymer composition of the present invention has sufficient heat resistance and excellent vibration 
proofing properties. Accordingly, the molded rubber article of the present invention produced using those materials is 
suitable as a vibration proofing rubber. 

40 EXAMPLES 

[0089] The present invention is described below in detail by way of examples. Note that the present invention is not 
limited to the following examples. In the examples, "part(s)" means "part(s) by mass" and "%" means "mass%" unless 
otherwise indicated. Methods for measuring and evaluating various properties are as follows. 

45 [0090] <Weight average molecular weight (Mw)> A polystyrene reduced weight average molecular weight was deter- 
mined using gel permeation chromatography (GPC, column: "HLC-8120" manufactured by Tosoh Corp.) at 130°C. 
[0091] <Number average molecular weight (Mn)> A polystyrene reduced number average molecular weight was 
determined using gel permeation chromatography (GPC, column: "HLC-8120" manufactured by Tosoh Corp.) at 130°C. 
[0092] <Vinyl bond content (before hydrogenation)> Calculated by the Hampton method using infrared absorption 

50 spectrometry. 

[0093] <Degree of Hydrogenation> Measured and calculated by 1 H-NMR spectrometry at 270 MHz using a carbon 
tetrachloride solution. 

[0094] <Functional group content (1 )> Determined by the amine titrating method described in Analy. Chem. 564 (1 952). 
Specifically, a polymersolution is prepared by dissolving a purified polymer in an organic solvent and a HCI0 4 /CH 3 COOH 
55 solution is added dropwise until the color of the polymer solution turns from purple into light blue using methyl violet as 
an indicator. The functional group content was calculated from the amount of the added HCI0 4 /CH 3 COOH solution. The 
functional group content is shown by the following formula (2). 
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Functional group content = number of functional groups/polymer (one molecular chain) 

... (2) 

5 

[0095] <Functional group content (2) (amine concentration^ Determined by the amine titrating method described in 
Analy. Chem. 564 (1952). Specifically, a polymer solution is prepared by dissolving a purified polymer in an organic 
solvent and a HCI0 4 /CH 3 COOH solution is added dropwise until the color of the polymer solution turns from purple into 
10 light blue using methyl violet as an indicator. The functional group content (amine concentration) was calculated from 
the amount of the added HCI0 4 CH 3 COOH solution. 

[0096] <Processability (roller windability)> Windability onto a roller was observed using a 6-inch roller at a pre/after 
rolling rate of 22 rpm/20 rpm at a nip of 2 mm at 50°C. The processaibility (windability onto a roller) was evaluated 
according to the following standard. 

15 

Good: (tightly wound without adherence) 
Bad: (adhered or not tightly wound) 

[0097] <Tensile stress, tensile breaking strength (T B ), and tensile breaking elongation (E B )> Measured according to 
20 JIS K6251 using No. 3 test specimen at a measuring temperature of 23°C and a drawing rate of 500 mm/min (normal 
state properties). 

[0098] <Hardness (Duro A)> Spring hardness (durometer A hardness) of a test specimen was measured according 
to JIS K6253. 

[0099] <Dynamic modulus of elasticity> Dynamic modulus of elasticity at 70 Hz was measured using a block test 
25 specimen under the conditions of dynamic distortion of 1 % and a temperature of 25°C according to J IS K6394. Dynamic 
modulus of elasticity at 0.1 Hz was also measured in the same manner under the conditions of dynamic distortion of 
10% and a temperature of 25°C. A visco elasticity meter "ARES" manufactured by Rheometric Scientific Inc. was used 
for the measurement. 

[0100] <static-dynamic ratio Calculated using the following formula (4). 

30 

Static-dynamic ratio = (dynamic modulus of elasticity at 70 Hz) / (dynamic modulus of 

elasticity at 0. 1 Hz) ... (4) 

35 

[0101] <Compression set (CS)> Measured according to JIS K6262 under the conditions of 120°C and 70 hours. 
Example 1 

40 

[0102] A 50-liter reaction vessel of which the atmosphere was replaced with nitrogen was charged with 28 kg of 
cyclohexane, 56 g of tetrahydrofuran, and 1400 g of 1,3-butadiene. After setting the temperature at 50°C, the mixture 
was polymerized under adiabatic conditions. After completion of the polymerization, hydrogen gas was supplied under 
the pressure of 0.4 MPa-Gauge for 20 minutes while stirring to react the polymer terminals which are active as living 

45 anions with lithium to produce lithium hydride. After heating the reaction solution to 90°C, the hydrogenated reaction 
was carried out using titanocene dichloride as a major component of the hydrogenation catalyst. When hydrogen ab- 
sorption was completed, the reaction solution was allowed to become ambient temperature and pressure, discharged 
from the reaction vessel, and poured into water while stirring. The solvent was removed by steam stripping to obtain a 
hydrogenated diene polymer. The resulting hydrogenated diene polymer had a weight average molecular weight of 

50 751,000, a molecular weight distribution (Mw/Mn) of 1 .09, a vinyl bond content of 35.2%, and a hydrogenation rate of 
91.2%. 

[01 03] 1 00 parts of the hydrogenated diene polymer, 5 parts of zinc oxide, 0.5 parts of stearic acid, 30 parts of silica, 
3 parts of a coupling agent, 5 parts of SRF carbon, and 40 parts of a softener were kneaded in a 250 ml plastmill at 
1 50°Cforfive minutes to obtain a mixture. Afterthe addition of 5 parts of a crosslinking agent and 0.2 parts of a crosslinking 
55 adjuvant, the mixture was kneaded at 50 to 70°C for five minutes using an open roller to obtain a compounded rubber 
composition. As the compounded components, the following (1) to (9) were used. 
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[Compounded components] 
[01 04] 

5 (1) Zinc oxide: "Zinc Oxide 2" manufactured by Hakusui Tech Co., Ltd. 

(2) Stearic acid: "Lunac S30" manufactured by Kao Corp. 

(3) Silica: "Nipseal ER" manufactured by Tosoh silica Corp. 

(4) Coupling agent: "TSL8370" manufactured by GE Toshiba Silicones Co., Ltd. 

(5) SRF carbon: "Seast S" manufactured by Tokai Carbon Co., Ltd. 

10 (6) Softener: "Diana Process PW90" manufactured by Idemitsu Kosan Co., Ltd. 

(7) Crosslinking agent: "Percumyl D-40" manufactured by NOF Corp. 

(8) Crosslinking adjuvant: "lou" manufactured by Tsurumi Kagaku Co., Ltd. 

[0105] The compounded rubber composition was heated at 170°Cfor20 minutes under pressure of 150 kgf/cm 2 using 
15 a press machine to obtain a test specimen (a vulcanized rubber sheet) with a thickness of 2 mm. As a result of evaluation, 
the test specimen was found to have good process ability (rated as "Good"), a tensile stress of 1 . 1 M Pa (at 1 00% modulus) 
and 3.2 MPa (300% modulus), a tensile breaking strength (T B ) of 15.3 MPa, a tensile breaking elongation (E B ) of 700%, 
hardness (Duro A) of 51 , and a compression set (CS) of 22%. 

[01 06] The resulting compounded rubber composition was heated for 20 minutes to obtain a block test specimen for 
20 viscoelasticity measurement. The block test specimen obtained was found to have dynamic modulus of elasticity of 2.15 
MPa (at 70 Hz) and 1 .52 MPa (at 0.1 Hz), and a static-dynamic ratio of 1 .41 . 

Example 2 

25 [0107] A hydrogenated diene polymer was obtained in the same manner as in Example 1 except that the weight 
average molecular weight (Mw), the molecular weight distribution (Mw/Mn), and the vinyl bond content of the polymer 
before hydrogenation were as shown in Table 1. Various properties of the hydrogenated diene polymer are shown in 
Table 1 . A compounded rubber composition, a test specimen (vulcanized rubber sheet), and a block test specimen were 
prepared in the same manner as in Example 1 , except for changing the formulation as shown in Table 1 . The properties 

30 of the test specimen (vulcanized rubber sheet) and the block test specimen are shown in Table 1 . 

Example 3 

[0108] A hydrogenated diene polymer was obtained in the same manner as in Example 1, except for changing the 
35 hydrogenation rate as shown in Table 1. Various properties of the hydrogenated diene polymer are shown in Table 1. 
Acompounded rubber composition, a test specimen (vulcanized rubbersheet), and ablocktestspecimen were prepared 
in the same manner as in Example 1 , except for changing the formulation as shown in Table 1 . The properties of the 
test specimen (vulcanized rubbersheet) and the block test specimen are shown in Table 1. 

^o Example 4 

[0109] A 50-liter reaction vessel of which the atmosphere was replaced with nitrogen was charged with 28 kg of 
cyclohexane, 61.6 g of tetrahydrofuran, 0.61 g of n-butyl lithium, 0.59 g of piperidine, and 1400 g of 1,3-butadiene. After 
setting the temperature at 30°C, the mixture was polymerized under adiabatic conditions. After polymerization, 2.19 g 

45 of N,N-bis(trimethylsilyl)aminopropylmethyldiethoxysilane was added and reacted for 60 minutes to introduce modifica- 
tion groups to active sites of the resulting diene polymer. A hydrogenated diene polymer was obtained in the same 
manner as in Example 1 . Various properties of the hydrogenated diene polymer are shown in Table 1 . A compounded 
rubber composition, a test specimen (vulcanized rubber sheet), and a block test specimen were prepared in the same 
manner as in Example 1 , except for changing the formulation as shown in Table 1 . The properties of the test specimen 

50 (vulcanized rubber sheet) and the block test specimen are shown in Table 1 . 

Example 5 

[0110] A hydrogenated diene polymer was obtained in the same manner as in Example 4 except that the weight 
55 average molecular weight (Mw) and the molecular weight distribution (Mw/Mn) were as shown in Table 1. Various 
properties of the hydrogenated diene polymer are shown in Table 1 .Acompounded rubber composition, a test specimen 
(vulcanized rubber sheet), and a block test specimen were prepared in the same manner as in Example 1 , except for 
changing the formulation as shown in Table 1 . The properties of the test specimen (vulcanized rubber sheet) and the 



13 



EP 1 980 589 A1 



block test specimen are shown in Table 1 . 
Example 6 

5 [0111] A 50-liter reaction vessel of which the atmosphere was replaced with nitrogen was charged with 28 kg of 
cyclohexane, 41 .3 g of tetrahydrof uran, 0.96 g of n-butyl lithium, and 2500 g of 1 ,3-butadiene. Aftersetting the temperature 
at 40°G, the mixture was polymerized under adiabatic conditions. After polymerization, 0.58 g of silicon tetrachloride 
was added and reacted for 20 minutes to effect coupling modification with active sites of the resulting diene polymer. 
Next, hydrogen gas was supplied at a pressure of 0.4 MPa-G to react with unreacted polymer-terminal lithium for 20 

10 minutes with stirring to produce lithium hydride. A part of the polymer solution (10 kg) was removed and 1 1 .0 kg of fresh 
cyclohexane was added to adjust the viscosity. The hydrogenation reaction was carried out by supplying hydrogen gas 
underpressure of 0.7 MPa-G at90°Cinthe presence of a catalyst containing titanocenedichloride as a major component. 
When hydrogen absorption was completed, the reaction solution was allowed to become ambient temperature and 
pressure, discharged from the reaction vessel, and poured into water while stirring. The solvent was removed by steam 

15 stripping to obtain a hydrogenated diene polymer. Various properties of the hydrogenated diene polymer are shown in 
Table 1. A compounded rubber composition, a test specimen (vulcanized rubber sheet), and a block test specimen were 
prepared in the same manner as in Example 1 , except for changing the formulation as shown in Table 1 . The properties 
of the test specimen (vulcanized rubber sheet) and the block test specimen are shown in Table 1 . 

20 Example 7 

[0112] A 50-liter reaction vessel of which the atmosphere was replaced with nitrogen was charged with 28 kg of 
cyclohexane, 61.6 g of tetrahydrof uran, 0.61 g of n-butyl lithium, 0.59 g of piperidine, and 1400 g of 1,3-butadiene. After 
setting the temperature at 50°C, the mixture was polymerized under adiabatic conditions. After polymerization, 2.60 g 

25 of 4-{2-[N,N-bis(trimethylsilyl)amino]ethyl}styrene was added and reacted for 60 minutes to introduce to the active sites 
of the resulting diene polymer. Next, hydrogen gas was supplied at a pressure of 0.4 MPa-G to react with unreacted 
polymer-terminal lithium for 20 minutes with stirring to produce lithium hydride. A hydrogenated reaction was carried out 
under hydrogen gas supply pressure of 0.7 MPa-G at a reaction solution temperature of 90°C using a catalyst containing 
titanocene dichloride as a major component. When hydrogen absorption was completed, the reaction solution was 

30 allowed to become ambient temperature and pressure, discharged from the reaction vessel, and poured into water while 
stirring. The solvent was removed by steam stripping to obtain a hydrogenated diene polymer. Various properties of the 
hydrogenated diene polymer are shown in Table 1. A compounded rubber composition, a test specimen (vulcanized 
rubber sheet), and a block test specimen were prepared in the same manner as in Example 1 , except for changing the 
formulation as shown in Table 1. The properties of the test specimen (vulcanized rubber sheet) and the block test 

35 specimen are shown in Table 1 . 

Example 8 

[0113] A 50-liter reaction vessel of which the atmosphere was replaced with nitrogen was charged with 28 kg of 
^o cyclohexane, 61 .6 g of tetrahydrof uran, 0.61 g of n-butyl lithium, 0.59 g of piperidine, and 1 400 g of 1 ,3-butadiene. After 
setting the temperature at 50°C, the mixture was polymerized under adiabatic conditions. After polymerization, 1 .13 g 
of N,N-bis(trimethylsilyl)aminopropyltrimethoxysilane was added and reacted for 60 minutes to introduce to active sites 
of the resulting diene polymer. Next, hydrogen gas was supplied at a pressure of 0.4 MPa-G to react with the polymer- 
terminal lithium remained as a living anion for 20 minutes with stirring to produce lithium hydride. A hydrogenated reaction 
45 was carried out under hydrogen gas supply pressure of 0.7 MPa-G at a reaction solution temperature of 90°C using a 
catalyst containing titanocene dichloride as a major component. When hydrogen absorption was completed, the reaction 
solution was allowed to become ambient temperature and pressure, discharged from the reaction vessel, and poured 
into water while stirring. The solvent was removed by steam stripping to obtain a hydrogenated diene polymer. Various 
properties of the hydrogenated diene polymer are shown in Table 1 . A compounded rubber composition, a test specimen 
50 (vulcanized rubber sheet), and a block test specimen were prepared in the same manner as in Example 1, except 
changing the formulation as shown in Table 1 . The properties of the test specimen (vulcanized rubber sheet) and the 
block test specimen are shown in Table 1 . 

Example 9 

55 

[0114] A 50-liter reaction vessel of which the atmosphere was replaced with nitrogen was charged with 28 kg of 
cyclohexane, 61 .6 g of tetrahydrof uran, 0.61 g of n-butyl lithium, 0.59 g of piperidine, and 1 400 g of 1 ,3-butadiene. After 
setting the temperature at 50°C, the mixture was polymerized under adiabatic conditions. After polymerization, 1 .25 g 
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of N-methyl-N-trimethylsilylaminoethylmethyldimethoxysilane was added and introduced to active sites of the resulting 
diene polymer by reacting the mixture for 60 minutes. Next, hydrogen gas was supplied at a pressure of 0.4 MPa-G to 
react with the polymer-terminal lithium remaining as a living anion for 20 minutes with stirring to produce lithium hydride. 
A hydrogenated reaction was carried out under hydrogen gas supply pressure of 0.7 MPa-G at a reaction solution 

5 temperature of 90°C using a catalyst containing titanocene dichloride as a major component. When hydrogen absorption 
was completed, the reaction solution was allowed to become ambient temperature and pressure, discharged from the 
reaction vessel, and poured intowaterwhilestirring. Thesolventwas removed by steam stripping to obtain a hydrogenated 
diene polymer. Various properties of the hydrogenated diene polymer are shown in Table 1. A compounded rubber 
composition, a test specimen (vulcanized rubber sheet), and a block test specimen were prepared in the same manner 

10 as in Example 1 , exceptfor changing the formulation as shown in Table 1 .The properties of the test specimen (vulcanized 
rubber sheet) and the block test specimen are shown in Table 1 . 

Example 10 

15 [0115] A 50-liter reaction vessel of which the atmosphere was replaced with nitrogen was charged with 28 kg of 
cyclohexane, 61.6 g of tetrahydrofuran, 0.61 g of n-butyl lithium, 0.59 g of piperidine, and 1400 g of 1,3-butadiene. After 
setting the temperature at 50°C, the mixture was polymerized under adiabatic conditions. After polymerization, 1 .02 g 
of N,N-dimethylaminopropyltrimethoxysilane was added and introduced to active sites of the resulting diene polymer by 
reacting the mixture for 60 minutes. Next, hydrogen gas was supplied at a pressure of 0.4 MPa-G to react with the 

20 polymer-terminal lithium remaining as a living anion for20 minutes with stirring to produce lithium hydride. A hydrogenated 
reaction was carried out under hydrogen gas supply pressure of 0.7 MPa-G at a reaction solution temperature of 90°C 
using a catalyst containing titanocene dichloride as a major component. When hydrogen absorption was completed, the 
reaction solution was allowed to become ambient temperature and pressure, discharged from the reaction vessel, and 
poured into water while stirring. The solvent was removed by steam stripping to obtain a hydrogenated diene polymer. 

25 Various properties of the hydrogenated diene polymer are shown in Table 1 . A compounded rubber composition, a test 
specimen (vulcanized rubber sheet), and a block test specimen were prepared in the same manner as in Example 1, 
except for changing the formulation as shown in Table 1 . The properties of the test specimen (vulcanized rubber sheet) 
and the block test specimen are shown in Table 1 . 

30 Comparative Example 1 

[0116] Ethylene propylene rubber "EP 57C" manufactured by JSR was used as a polymer. Various properties of the 
ethylene propylene rubber are shown in Table 1. A compounded rubber composition, a test specimen (vulcanized rubber 
sheet), and a blocktest specimen were prepared in the same manner as in Example 1 , exceptforchangingtheformulation 
35 as shown in Table 1. The properties of the test specimen (vulcanized rubber sheet) and the block test specimen are 
shown in Table 2. 

Comparative Example 2 

^o [0117] A hydrogenated diene polymer was obtained in the same manner as in Example 4, except that the weight 
average molecular weight (Mw) and the molecular weight distribution (Mw/Mn) were as shown in Table 2. Various 
properties of the hydrogenated diene polymer are shown in Table 2. A compounded rubber composition, a test specimen 
(vulcanized rubber sheet), and a blocktest specimen were prepared in the same manner as in Example 2, except for 
changing the formulation as shown in Table 2. The properties of the test specimen (vulcanized rubber sheet) and the 

45 block test specimen are shown in Table 2. 

Comparative Example 3 

[0118] A 50-liter reaction vessel of which the atmosphere was replaced with nitrogen was charged with 28 kg of 
50 cyclohexane, 616 g of tetrahydrofuran, 3080 g of butadiene, 13.1 g of a catalyst synthesized from 13.1 g of 1 ,3-bis(1- 
phenylethenyl)benzene and sec-butyl lithium, and 3080 g of butadiene. After setting the temperature at 20°C, the mixture 
was polymerized under adiabatic conditions. After the completion of the reaction, 350 g of styrene was added and the 
mixture was further polymerized under adiabatic conditions. After 20 minutes, 70 g of butadiene was added and the 
mixture was further polymerized. After the polymerization is completed, 18.7 g of N,N-bis(trimethylsilyl)aminopropyld- 
55 imethylethoxysilane was added and introduced to the active sites of the resulting diene polymer by reacting for 60 
minutes. Next, hydrogen gas was supplied at a pressure of 0.4 MPa-G to react the polymer-terminal existing as a living 
anion with lithium for 20 minutes with stirring to produce lithium hydride. A hydrogenated reaction was carried out under 
hydrogen gas supply pressure of 0.7 MPa-G at a reaction solution temperature of 90°C using a catalyst containing 
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titanocene dichloride as a major component. When hydrogen absorption was completed, the reaction solution was 
allowed to reach the ambient temperature and pressure and discharged from the reaction vessel. The discharged reaction 
solution was poured into water while stirring and the solvent was removed by steam stripping to obtain a hydrogenated 
diene polymer. Various properties of the hydrogenated diene polymer are shown in Table 2. A compounded rubber 
composition, a test specimen (vulcanized rubber sheet), and a block test specimen were prepared in the same manner 
asin Example 1 , exceptforchanging the formulation asshown inTable2. The properties of the test specimen (vulcanized 
rubber sheet) and the block test specimen are shown in Table 2. 

Comparative Example 4 

[0119] A hydrogenated diene polymer was obtained in the same manner as in Example 2, except for changing the 
vinyl bond content of the un hydrogenated polymer as shown in Table 2. Various properties of the hydrogenated diene 
polymer are shown in Table 2. A compounded rubber composition, a test specimen (vulcanized rubber sheet), and a 
block test specimen were prepared in the same manner as in Example 1 , except for changing the formulation as shown 
inTable2.Thepropertiesofthetestspecimen (vulcanized rubber sheet) and the block test specimen are shown in Table 2. 
[01 20] 
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[0121] 



TABLE 2 



5 






Comparative Examples 








1 


2 


3 


4 






Polymer 
skeleton 


LrUIVI 


Hydrogenated 
BR 


Hydrogenated 
SEBS 


I — |\/H mnan atoH R R 

ny uiuyci ictLcu un 


10 




Modified/ 
unmodified 


U I II I IUUII IcU 


IVIUUI I IcU 


IVIUUII IcU 


Ul II I IUUII IcU 






Mw (X10 4 ) 


70.2 


8.7 


25.0 


26.5 






Mw/Mn 


2.10 


1.10 


1.11 


1.21 


15 


Polymer 


Vinyl bond 
content (%) (of 
unhydrogenated 
polymer) 




39.4 


35.6 


60.9 


20 




Hydrogenation 
dearee (%) 


- 


92.8 


91.5 


90.4 


25 




Functional arouo 
content (1) 
(number of 

1 Ul IULIUI lal 

groups /polymer 
(one molecular 
chain)) 




U.D 






30 




Polymer 


100 


100 


100 


100 




Zinc oxide 


5 


5 


5 


5 






Stearic acid 


0.5 


0.5 


0.5 


0.5 






Silica 


30 


30 


30 


30 


35 


Formulation 


Coupling agent 


3 


3 


3 


3 




(part) 


SRF carbon 


5 


5 


5 


5 






Softener 


40 


40 


40 


40 


40 




Crosslinking 
agent 


r- 
5 


5 


5 


5 






Crosslinking 
adjuvant 


0.2 


0.2 


0.2 


0.2 


45 


Processability 


Good 


Bad 


Good 


Good 


Tensile stress 


100% Modulous 


1.2 


1.21 


1.8 


0.7 




(MPa) 


300% Modulous 


A Q 


A O 


ft ft 

D.D 


I .O 




Tensile breaking strength (T B ) (MPa) 


14.5 


11.3 


15.6 


6.7 


50 


Tensile breaking elongation (E B ) (%) 


500 


510 


500 


970 




Hardness (Duro A) 


54 


50 


60 


45 




Dynamic 


Hz (dynamic 
distortion 1%) 


1.68 


1.59 


2.03 


1.63 


55 


modulus of 
elasticity (MPa) 


70 0.1 Hz 
(dynamic 
distortion 10%) 


1.14 


0.95 


1.54 


0.68 
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(continued) 





Comparative Examples 


1 


2 


3 


4 


Static-dynamic ratio 


1.47 


1.67 


1.32 


2.38 


Compression set (CS) (%) 120°C 
X70h 


11 


75 


57 


46 



(Discussion) 

[0122] From the results shown in Table 1 and Table 2, it is clear that the hydrogenated diene polymers used in 
Examples 1 to 5 and 7 to 1 0 have excellent processability as compared with the hydrogenated diene polymer used in 
Comparative Example 2. Also, the test specimens (molded rubber articles) of Examples 1 to 1 0 are excellent in vibration 
proofing performance and heat resistance as compared with the test specimens (molded rubber articles) of Comparative 
Examples 1 to 4. 

(Production of hydrogenated diene polymer (hydrogenated BR-1)) 

[0123] A 50-liter reaction vessel of which the atmosphere was replaced with nitrogen was charged with 28 kg of 
cyclohexane, 41 .3 g of tetrahydrofuran, 0.96 g of n-butyl lithium, and 2500 g of 1 ,3-butadiene. The mixture was polym- 
erized under adiabatic conditions starting from a temperature of 40°C. After the completion of the polymerization, 0.58g 
of silicon tetrachloride was added to the system and the mixture was reacted for 20 minutes to carry out coupling. Next, 
hydrogen gas was supplied at a pressure of 0.4 MPa-G and reacted for 20 minutes with stirring to produce a polymer 
of which the terminal is lithium hydride. A part of the polymer solution (10 kg) was removed and 11 kg of cyclohexane 
was added to adjust the viscosity. A reaction was carried out under hydrogen gas supply pressure of 0.7 MPa-G at a 
reaction solution temperature of 90°C in the presence of acatalyst containing titanocene dichloride as a major component. 
Then, 932 liters of hydrogen gas was added. When hydrogen absorption was completed, the reaction solution was 
allowed to reach the ambient temperature and pressure and discharged from the reaction vessel. The discharged reaction 
solution was poured into water while stirring and the solvent was removed by steam stripping to obtain a hydrogenated 
diene polymer (hydrogenated BR-1). The weight average molecular weight (Mw) of the obtained hydrogenated diene 
polymer was 1 ,390,000, the molecular weight distribution (Mw/Mn) was 2.8, the vinyl bond content was 38.8%, and the 
hydro ge nation degree was 95.2%. 

(Production of hydrogenated diene polymer (hydrogenated BR-2)) 

[0124] A 50-liter reaction vessel of which the atmosphere was replaced with nitrogen was charged with 28 kg of 
cyclohexane, 61 .6 g of tetrahydrofuran, 0.61 g of n-butyl lithium, 0.59 g of piperidine, and 2500 g of 1 ,3-butadiene. The 
mixture was polymerized under adiabatic conditions starting from a temperature of 50°C. After the completion of the 
polymerization, 2.1 9 g of N,N-bis(trimethylsilyl)aminopropylmethyldiethoxysilane was added to the system and the mix- 
ture was reacted for 60 minutes. Next, hydrogen gas was supplied at a pressure of 0.4 MPa-G and reacted for 20 minutes 
with stirring to produce a polymer of which the terminal is lithium hydride. A reaction was carried out under hydrogen 
gas supply pressure of 0.7 MPa-G at a reaction solution temperature of 90°C using a catalyst containing titanocene 
dichloride as a major component. Then, 932 liters of hydrogen gas was added. When hydrogen absorption was completed, 
the reaction solution was allowed to reach ambient temperature and pressure and discharged from the reaction vessel. 
The discharged reaction solution was poured into water while stirring and the solvent was removed by steam stripping 
to obtain a hydrogenated diene polymer (hydrogenated BR-2). Various properties of the hydrogenated diene polymer 
are shown in Table 3. 

(Production of hydrogenated diene polymer (hydrogenated BR-3)) 

[0125] A 50-liter reaction vessel of which the atmosphere was replaced with nitrogen was charged with 28 kg of 
cyclohexane, 56 g of tetrahydrofuran, 0.57 g of n-butyl lithium, and 1 400 g of 1 ,3-butadiene. The mixture was polymerized 
under adiabatic conditions starting from a temperature of 50°C. After the completion of the polymerization, hydrogen 
gas was supplied at a pressure of 0.4 MPa-G and reacted for 20 minutes with stirring to produce a polymer of which the 
terminal is lithium hydride. A reaction was carried out at a reaction solution temperature of 90°C using acatalyst containing 
titanocene dichloride as a major component. Then, 932 liters of hydrogen gas was added. When hydrogen absorption 
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was completed, the reaction solution was allowed to reach the ambient temperature and pressure and discharged from 
the reaction vessel. The discharged reaction solution was poured into water while stirring and the solvent was removed 
by steam stripping to obtain a hydrogenated diene polymer (hydrogenated BR-3). Various properties of the hydrogenated 
diene polymer are shown in Table 3. 

(Production of hydrogenated diene polymer (hydrogenated BR-4)) 

[0126] A 50-liter reaction vessel of which the atmosphere was replaced with nitrogen was charged with 28 kg of 
cyclohexane, 61 .6 g of tetrahydrofuran, 0.61 g of n-butyl lithium, 0.59 g of piperidine, and 2500 g of 1 ,3-butadiene. The 
mixture was polymerized under adiabatic conditions starting from a temperature of 50°C. After the completion of the 
polymerization, 2.1 9 g of N,N-bis(trimethylsilyl)aminopropylmethyldiethoxysilane was added to the system and the mix- 
ture was reacted for 60 minutes. Next, hydrogen gas was supplied at a pressure of 0.4 MPa-G and reacted for 20 minutes 
with stirring to produce a polymer of which the terminal is lithium hydride. A reaction was carried out under hydrogen 
gas supply pressure of 0.7 MPa-G at a reaction solution temperature of 90°C using a catalyst containing titanocene 
dichloride as a major component. Then, 828 liters of hydrogen gas was added. When hydrogen absorption was completed, 
the reaction solution was allowed to reach the ambient temperature and pressure and discharged from the reaction 
vessel. The discharged reaction solution was poured into water while stirring and the solvent was removed by steam 
stripping to obtain a hydrogenated diene polymer (hydrogenated BR-4). Various properties of the hydrogenated diene 
polymer are shown in Table 3. 
[01 27] 



TABLE 3 





Hydrogenated BR-1 


Hydrogenated BR-2 


Hydrogenated BR-3 


Hydrogenated BR-4 


Modified/unmodified 


Unmodified 


Modified 


Unmodified 


Modified 


Mw (X10 4 ) 


139 


28 


27 


21 


Mw/Mn 


2.8 


1.07 


1.05 


1.07 


Vinyl bond content (%) 
(of unhydrogenated 
polymer) 


38.8 


37.6 


35.4 


38.6 


Functional group 
content (2) 
(1 0- 2 mmol/g) 




4.7 




4.0 


Hydrogenation degree 

(%) 


95.2 


93.6 


94.2 


82.4 



Example 1 1 

[0128] A hexane solution of the hydrogenated BR-1 (containing 75 parts of the hydrogenated BR-1) and a hexane 
solution of the hydrogenated BR-2 (containing 25 parts of the hydrogenated BR-2) were mixed. The mixed solution was 
poured into water while stirring. The solvent was removed by steam stripping to obtain a blend polymer. 5 parts of zinc 
oxide, 0.5 parts of stearic acid, 30 parts of silica, 3 parts of a coupling agent, 5 parts of SRF carbon, and 40 parts of a 
softener were added to the blend polymer (100 parts) and kneaded at 150°C for five minutes using a 250 ml Plast-mill 
to obtain a mixture. 5 parts of a crosslinking agent and 0.2 parts of a crosslinking adjuvant were added to the mixture 
and kneaded with an open roller at 50 to 70°Cforfive minutes to obtain acompounded rubbercomposition.The previously- 
mentioned components ((1) to (9)) were used as various additives. 

[0129] The compounded rubber composition obtained was heated at 170°G under a pressure of 150 kgf/cm 2 for 20 
minutes using a press molding machine to prepare a test specimen (vulcanized rubber sheet) having a thickness of 2 
mm. Processability of the test specimen was rated as "Good", tensile stresses was 1.3 MPa (100% modulus) and 5.9 
MPa (300% modulus), tensile breaking strength (T B ) was 15.5 MPa, tensile breaking elongation (E B ) was 480%, a 
hardness (Duro A) was 54, and compression set of 1 9%. 

[0130] The compounded rubber composition was heated for 20 minutes to prepare a block test specimen for a vis- 
coelasticity test. The dynamic modulus of elasticity of the block test specimen was 1 .45 MPa (70 Hz) or 1 .09 MPa (0.1 Hz), 
and the static-dynamic ratio was 1 .33. 
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Example 12 

[0131] A hexane solution of the hydrogenated BR-1 (containing 50 parts of the hydrogenated BR-1) and a hexane 
solution of the hydrogenated BR-2 (containing 50 parts of the hydrogenated BR-2) were mixed. The mixed solution was 

5 poured into water while stirring. The solvent was removed by steam stripping to obtain a blend polymer. 5 parts of zinc 
oxide, 0.5 parts of stearic acid, 30 parts of silica, 3 parts of a coupling agent, 5 parts of SRF carbon, and 40 parts of a 
softener were added to the blend polymer (100 parts) and kneaded at 150°C for five minutes using a 250 ml Plast-mill 
to obtain a mixture. After the addition of 5 parts of a crosslinking agent and 0.2 parts of a crosslinking adjuvant, the 
mixture was kneaded at 50 to 70°C for five minutes using an open roller to obtain a compounded rubber composition. 

10 The previously-mentioned components ((1 ) to (9)) were used as various additives. A test specimen (vulcanized rubber 
sheet) and a block test specimen were prepared in the same manner as in Example 1 1 using the obtained compounded 
rubber composition. The properties of the test specimen (vulcanized rubber sheet) and the block test specimen are 
shown in Table 4. 

15 Example 13 

[0132] A hexane solution of the hydrogenated BR-1 (containing 75 parts of the hydrogenated BR-1) and a hexane 
solution of the hydrogenated BR-3 (containing 25 parts of the hydrogenated BR-2) were mixed. The mixed solution was 
poured into water while stirring. The solvent was removed by steam stripping to obtain a blend polymer. 5 parts of zinc 

20 oxide, 0.5 parts of stearic acid, 30 parts of silica, 3 parts of a coupling agent, 5 parts of SRF carbon, and 40 parts of a 
softener were added to the blend polymer (100 parts) and mixed at 150°C for five minutes using a 250 ml Plast-mill to 
obtain a mixture. After the addition of 5 parts of a crosslinking agent and 0.2 parts of a crosslinking adjuvant, the mixture 
was kneaded at 50 to 70°C for five minutes using an open roller to obtain a compounded rubber composition. The 
previously-mentioned components ((1)to (9)) were used as various additives. A test specimen (vulcanized rubber sheet) 

25 and a block test specimen were prepared in the same manner as in Example 1 1 using the obtained compounded rubber 
composition. The properties of the test specimen (vulcanized rubber sheet) and the block test specimen are shown in 
Table 4. 

Example 14 

30 

[0133] A hexane solution of the hydrogenated BR-1 (containing 75 parts of the hydrogenated BR-1) and a hexane 
solution of the hydrogenated BR-4 (containing 25 parts of the hydrogenated BR-2) were mixed. The mixed solution was 
poured into water while stirring. The solvent was removed by steam stripping to obtain a blend polymer. 5 parts of zinc 
oxide, 0.5 parts of stearic acid, 30 parts of silica, 3 parts of a coupling agent, 5 parts of SRF carbon, and 40 parts of a 
35 softener were added to the blend polymer (100 parts) and kneaded at 150°C for five minutes using a 250 ml Plast-mill 
to obtain a mixture. After the addition of 5 parts of a crosslinking agent and 0.2 parts of a crosslinking adjuvant, the 
mixture was kneaded at 50 to 70°C for five minutes using an open roller to obtain a compounded rubber composition. 
The previously-mentioned components ((1) to (9)) were used as various additives. A test specimen (vulcanized rubber 
sheet) and a block test specimen were prepared in the same manner as in Example 1 1 using the obtained compounded 
rubber composition. The properties of the test specimen (vulcanized rubber sheet) and the block test specimen are 
shown in Table 4. 

Comparative Example 5 and Examples 15 to 17 

45 [0134] Compounded rubber compositions, test specimens (vulcanized rubber sheets), and block test specimens were 
prepared in the same manner as in Example 1 1 , except for changing the formulation as shown in Table 4. The properties 
of the test specimens (vulcanized rubber sheets) and the block test specimens are shown in Table 4. 
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TABLE 4 







Examples 


Comparative Example 


Examples 






11 


12 


13 


14 


5 


15 


16 


17 




Hydrogenated BR-1 


75 


50 


75 


75 


100 










Hydrogenated BR-2 


25 


50 








100 








Hydrogenated BR-3 






25 








100 






Hydrogenated BR-4 








25 








100 




Zinc oxide 


5 


5 


5 


5 


5 


5 


5 


5 


Formulation (part) 


Stearic acid 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


Silica 


30 


30 


30 


30 


30 


30 


30 


30 




Coupling agent 


3 


3 


3 


3 


3 


3 


3 


3 




SRF carbon 


5 


5 


5 


5 


5 


5 


5 


5 




Softener 


40 


40 


40 


40 


40 


40 


40 


40 




Crosslinking agent 


5 


5 


5 


5 


5 


5 


5 


5 




Crosslinking adjuvant 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


Functional group content (2) (10" 2 mmol/g) 


1.2 


2.4 


■ 


1.0 


■ 


4.7 


- 


4.0 


Processability 


Good 


Excellent 


Good 


Good 


Bad 


Excellent 


Excellent 


Excellent 


Tensile stress (MPa) 


100% Modulous 300% 


1.3 


1.4 


1.5 


1.5 


1.3 


1.6 


1.8 


1.6 


Modulous 


5.9 


5.7 


5.2 


6 


6.1 


5.4 


5.1 


6.5 


Tensile breaking strength (T B ) (MPa) 


15.5 


15.0 


17.2 


14.7 


16.9 


13.4 


18.3 


10.2 


Tensile breaking elongation (E B ) (%) 


480 


470 


590 


450 


500 


460 


650 


430 


Hardness (Duro A) 


54 


55 


57 


55 


54 


57 


62 


58 


Dynamic modulus of elasticity 


70 Hz (dynamic distortion 1%) 


1.45 


1.61 


2.07 


1.40 


1.44 


1.81 


2.23 


1.72 


(MPa) 


0.1 Hz (dynamic distortion 10%) 


1.09 


1.19 


1.52 


1.08 


1.08 


1.42 


1.61 


1.38 


Static-dynamic ratio 


1,33 


1.35 


1.36 


1.30 


1.33 


1.28 


1.39 


1,25 


Compression set (CS) (%) 1 20°C x 70h 


19 


25 


20 


14 


16 


31 


29 
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(Discussion) 

[0136] From the results shown in Table 4, it is clear that the hydrogenated diene polymer compositions of Examples 
11 to 1 4 have excellent properties equivalent to the hydrogenated diene polymer composition of Comparative Example 
5 and better processability. The hydrogenated diene polymer compositions of Examples 11 to 1 4 had much better heat 
resistance than the hydrogenated diene polymercompositions of Examples 15 and 16. Although the hydrogenated diene 
polymer of Example 17 had good processability and heat resistance, tensile breakage and elongation breakage were 
rather small. The hydrogenated diene polymer compositions of Examples 1 1 to 1 4 had excellent processability and heat 
resistance as well as large values of tensile breakage and elongation breakage. 

INDUSTRIAL APPLICABILITY 

[0137] The hydrogenated diene polymer composition of the present invention can produce a molded rubber article 
having excellent vibration proofing performance and excellent heat resistance. Therefore, the molded rubber article 
produced by using the hydrogenated diene polymer composition of the present invention is excellent in vibration proofing 
performance and heat resistance, and is suitable as a vibration proofing rubber such as an engine mount and a muffler 
hanger; a hose or a hose cover such as a diaphragm, a roll, a radiator hose, and an air hose; a sealer such as a packing, 
a gasket, a weather strip, an o-ring, and an oil seal; a belt, a lining, a dust boot, and the like. 



Claims 

1 . A hydrogenated diene polymer composition comprising: 

(A) a first hydrogenated diene polymer having a weight average molecular weight (Mw) of 1 00,000 to 1 ,700,000, 
a molecular weight distribution (Mw/Mn) of 1.0 to 3.0, and a hydrogenation degree of 72 to 96%, the first 
hydrogenated diene polymer (A) being obtained by hydrogenating a first diene polymer which has a vinyl bond 
content of 20 to 70%, and 

(B) a first filler, 

wherein the hydrogenated diene polymer composition containing the first filler (B) in an amount of 5 to 1 00 parts by 
mass per 1 00 parts by mass of the first hydrogenated diene polymer (A). 

2. The hydrogenated diene polymer composition according to claim 1 , wherein the first diene polymer is a butadiene 
rubber, astyrene-butadiene rubber, a styrene-butadiene-isoprene random copolymer, or a butadiene-isoprene ran- 
dom copolymer. 

3. The hydrogenated diene polymercomposition accordingto claim 1 or2, wherein the first hydrogenated diene polymer 
(A) is a modified polymer having afunctional group. 

4. The hydrogenated diene polymer composition according to claim 3, wherein the functional group is at least one 
selected from the group consisting of a carboxyl group, an alkoxysilyl group, an epoxy group, an amino group, a 
hydroxyl group, a sulfone group, an oxazoline group, an isocyanate group, a thiol group, and a halogen atom. 

5. The hydrogenated diene polymer composition according to claim 3 or 4, wherein the number of the functional group 
included in one molecular chain of the first hydrogenated diene polymer (A) is 0.1 to 5.0. 

6. The hydrogenated diene polymer composition according to any one of claims 1 to 5, wherein the first filler (B) is 
silica and/or carbon. 

7. A hydrogenated diene polymer composition comprising: 

(C) a second hydrogenated diene polymer having a weight average molecular weight (Mw) of 400,000 to 
1 ,700,000, a molecular weight distribution (Mw/Mn) of 1 .0 to 5.0, and a hydrogenation degree of 72% or more, 
the second hydrogenated diene polymer (C) being obtained by hydrogenating a second diene polymer which 
has a vinyl bond content of 20 to 70%, and 

(D) a third hydrogenated diene polymer having a weight average molecular weight (Mw) of 100,000 to 300,000; 
a molecular weight distribution (Mw/Mn) of 1.0 to 1 .3, and a hydrogenation degree of 72% or more, the third 
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hydrogenated diene polymer (D) being obtained by hydrogenating a third diene polymer which has a vinyl bond 
content of 20 to 70%. 

. The hydrogenated diene polymer composition according to claim 7, wherein the hydrogenated diene polymer com- 
position further comprising (E) a second filler in an amount of 5 to 1 00 parts by mass per 1 00 parts by mass of the 
total amount of the second hydrogenated diene polymer (C) and the third hydrogenated diene polymer (D). 

. The hydrogenated diene polymer composition according to claim 7 or 8, wherein the second diene polymer and/or 
the third diene polymer is a butadiene rubber, a styrene-butadiene rubber, a styrene-butadiene-isoprene random 
copolymer, or a butadiene-isoprene random copolymer. 

0. The hydrogenated diene polymer composition accordingto any one of claims 7to 9, wherein the second hydrogenated 
diene polymer (C) and/or the third hydrogenated diene polymer (D) is a modified polymer having a functional group. 

1 . The hydrogenated diene polymer composition according to any one of claims 7 to 1 0, wherein the second filler (E) 
is silica and/or carbon. 

2. A molded rubber article made of a crosslinked rubber produced by crosslinking the hydrogenated diene polymer 
composition according to any one of claims 1 to 1 1 . 
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